Crude oil affects soil ecosystems, resulting in significant losses in soil quality. The objective of the present study was to evaluate the effects of hydrocarbon pollution (crude oil) on soil enzyme activities and determine the removal of total petroleum hydrocarbons (TPH) during an incubation period of 150 days. The potential use of wastewater sludge as a biostimulating agent in petroleum-contaminated soils was also evaluated. The degradation of crude oil in contaminated soil was significantly enhanced after the addition of wastewater sludge.
Introduction
Crude oil pollution is the most prevalent problem in the environment. The release of crude oil into the environment after oil spills has received much attention worldwide. Crude oil occurs naturally as a complex mixture of hydrocarbon and non-hydrocarbon compounds, containing measurable toxicity towards living organisms (Marinescu et al., 2011) . The incidence of oil spillage in different parts of the world leads to serious problems and increases hazards to the environment. Crude oil pollution also leads to the deterioration of soil structure, loss of organic matter contents, loss of soil mineral nutrients, and also exposes soil to leaching and erosion (Palese et al., 2003) . The activities of soil enzymes such as dehydrogenases, oxidases, lipases, ureases and alkaline phosphatase are reduced or inhibited. The use of organic amendments to improve soil quality and fertility dates back to thousands of years ago. Nowadays the most common soil organic amendments are compost, animal manure or wastewater sludge are used. Wastewater sludge contains organic matter and nutrients. Crude oil spillage is one of the factors that affect biological activities in the soil. A range of physicochemical and environmental parameters and perturbations influence soil biological activity, including soil microbial biomass and enzymatic activity. Therefore, soil microbial activity is commonly used to assess disturbed soil (Alrumman et al., 2015) .
Enzyme activities have been demonstrated as indicators of biogeochemical cycles, the degradation of organic matter and soil remediation processes; thus, these enzymes can determine, together with other physical or chemical properties, the quality of the soil (Gianfreda 2015) . Dehydrogenase oxidises soil organic matter through the transfer of protons and electrons from substrates to acceptors. These processes are part of the respiration pathways of soil microorganisms and are closely associated with the type of soil and soil air-water conditions. Because these processes are part of the respiration pathways of soil microorganisms, studies on the activities of soil dehydrogenase are important, as the results might provide information concerning the potential of the soil to support biochemical processes that are essential for maintaining soil fertility (Makoi and Ndakidemi 2008) .
Phosphatase is an enzyme of great agronomic value because it hydrolyses and transforms organic phosphorus compounds into different forms of inorganic phosphorus, which can subsequently be assimilated by plants (Pascual et al., 2002) . In soil ecosystems, phosphatase play critical roles in P cycles, as these enzymes have been associated with P stress and plant growth. β-Glucosidase is characteristically useful as a soil quality indicator and might reflect past biological activity and the capacity of soil to stabilise soil organic matter. β-Glucosidase can also be used to detect management effects on soils, which has greatly facilitated the adoption of this enzyme for soil quality testing (Bandick and Dick 1999) . Generally, β-glucosidase activities provide advanced evidence of changes in organic carbon long before it can be accurately measured using other routine methods.
Urease is involved in urea hydrolysis into CO 2 and NH 3 and, consequently, with soil pH increase and N losses through NH 3 volatilisation. Urease has been widely used to evaluate changes in soil quality associated with management, as the activity of this enzyme increases with organic fertilisation and decreases with soil tillage. Urease is primarily an extracellular enzyme, representing up to 63% of the total activity in soil (Martinez-Salgado et al., 2010) .
The use of indigenous microorganisms in bioremediation processes can reduce the risks associated with hydrocarbon-contaminated soils. Several soil enzyme activities have been proposed to evaluate and monitor the remediation of hydrocarboncontaminated soil. In the present study, the enzyme activities of dehydrogenase, alkaline phosphatase, β-glucosidase and urease were used as indicators to assess the recovery of hydrocarbon-impacted soils.
The objective of the present study was to examine the levels of total petroleum hydrocarbons (TPH) and the effects of hydrocarbon pollution (crude oil) on soil enzyme activities during 150 days. 
Materials and Methods

Materials
Determination of soil and wastewater sludge physical and chemical properties
Soil and wastewater sludge samples were prepared and analysed using the same procedures. The EC and pH of the samples were measured using a conductivity meter and pH meter, respectively, and the extracts were analysed after shaking the soil or wastewater sludge samples with distilled water (1:5,w/v) (Rhoades 1982; McLean 1982) .
The Kjeldahl digestion method was used to measure the total nitrogen concentration (Bremner and Mulvaney 1982) . In addition, dichromate oxidation was used to measure the total organic carbon (Nelson and Sommer 1982) . Total phosphorus (P) was colourimetrically measured using a UV/VIS spectrophotometer (Anonymous 1985) . The total concentrations of metals (Cr, Ni, Cu and Zn) were determined after microwave digestion of the samples with HNO 3 using an ICP OES (Perkin Elmer 2100 DV Optima) (Isaac and Johnson 1998) .
Determination of soil enzyme activities
The alkaline phosphatase (APA), β-glucosidase (BGA), dehydrogenase (DHA) and urease (UA) enzymatic activities were determined according to the methods of Tabatabai (1994) . Effect of wasterwater sludge application on enzyme activities in soil The dehydrogenase activities were determined by adding a triphenyl tetrazolium chloride solution (3%) to soil samples prior to incubating the suspensions at 37 °C for 24 hours. The formation of TPF (triphenyl formazan) was determined with a spectrophotometer at 485 nm.
Determination of total petroleum hydrocarbons in soil
The TPH concentration was determined using ISO eluted from the GC capillary column between the retention times of "n-decane" and "n-tetracontane".
Incubation procedure
The soil samples were air-dried in the laboratory and sieved through 2 mm screens. Subsequently, 40 g of soil was placed in cylindrical glass pots and contaminated with 0.5% and 5% (w/w) crude oil, followed by thorough mixing. Soil with no crude oil addition served as a control. After the oil addition, the wastewater sludge was thoroughly mixed with the soils at ratios equivalent to 40 g kg -1 based on dry weight. The pots were incubated for 150 days in the dark at 18 and 28 ± 0.5°C. The moisture content in soil was maintained at 70% field capacity throughout the incubation period.
The sacrificial soil samples were analysed once a month during the incubation period.
Statistical analysis
All statistical calculations were performed using STA-TISTICA 12.0 software (StatSoft Software 2013).
Two-way analysis of variance of ANOVA was conducted to test the effect of sludge amendment and incubation time (Tables 2). The effect of temperature on enzyme activities was further tested using one-way ANOVA for each contaminant dose. When significant effects were indicated, post hoc analysis was performed using Tukey's HSD multiple comparison test. Table 2 . Summarized results of ANOVA with repeated measures for enzymatic activities of crude oil contaminated soil amended with wastewater sludge.
Results
The results for the physical and chemical properties of the soil and the wastewater sludge are presented in Table 1 . Chemical properties varied among the sludge. The sludge was slightly acidic, with pH value 6.97. The EC of the wastewater sludge was 5040 dS/m -1 . In addition, the results showed that the sludge was an important potential source of plant nutrients. The total N and P contents of the wastewater sludge was 3.5% and 0.15%, respectively.
The sludge contained relatively low extractable Table   1 . With regards to the concentration of heavy metal levels in sludge were lower than the permissible levels for agricultural use. The soil used in the experiment had a clay loam texture and the pH indicated that the soil was slightly alkaline, which is common for soils in Turkey. The soil had moderate lime and organic matter contents and a low salt content. According to Table   2 , statistical results indicated that sludge and incubation time significantly affected the enzyme activities. It has been determined that there is an interaction between sludge application and time.
Variations in total petroleum hydrocarbons in crude oil-contaminated soils
The variation of total petroleum hydrocarbon (TPH) levels in oil-contaminated and oil-contaminated + sludge-amended soils during the incubation period of 150 days is illustrated in Figure 1 and soil was calculated as 80% and 83%, respectively, at the end of the incubation period for 18 °C. As shown in Figure 1a and 1b, the TPH levels in crude oil-contaminated and sludge-amended soils were lower than those in contaminated soil. As indicated in Figure 1a , variations in the TPH levels in crude oil-polluted (0.5% and 5%) and sludge-amended soils during the incubation period indicated that 80% removal of TPH was achieved within a 150 days period. The results showed that the TPH levels in crude oilcontaminated and sludge-amended soils were apparently lower than those in contaminated soil. After incubation at 28 °C for 150 days, the removal rate for soil samples contaminated with crude oil (0.5%) was 91%, whereas treatment with wastewater sludge increased this ratio to 94%. For soil contaminated with crude oil (5%) at 28 °C, the TPH biodegradation rate was 87%, which increased to 92% after treatment with wastewater sludge. The highest biodegradation rate was observed for soil contaminated with crude oil and treated with wastewater sludge at 28 °C. Effect of wasterwater sludge application on enzyme activities in soil might have important implications in terms of the ability of microorganisms to use ammonium as a nitrogen source for biodegradation under the experimental conditions. Figure 4 shows the variations of APA in crude oil-contaminated and crude oil-contaminated + sludgeamended soils.
The application of wastewater sludge to soils contaminated with crude oil apparently increased APA levels at both levels of pollution.
After incubation at 28
o C, the APA levels were generally similar in soils contaminated with high and low doses of crude oil. The highest level of APA was observed in sludge-amended soils with high levels of crude oil pollution (5%). However, the APA levels increased in all amendments throughout the entire incubation period, and the most pronounced increments were observed after the first two months of incubation.
As indicated in Figure 4 , after incubation at 18 o C, no significant difference with respect to APA levels was determined between soils contaminated with high and low doses of crude oil.
However, wastewater sludge amendments were more efficient for soils contaminated with 5% crude oil. While an apparent increasing activity trend was observed in all heavily contaminated soils, the APA levels in soils contaminated with a low dose of crude oil did not significantly vary throughout the incubation period. The results indicated that the highest APA level was determined in contaminated (5% crude oil) and wastewater sludge-amended soil pots after incubation for 60 days.
The application of crude oil (0.5% and 5%) resulted in an initial APA concentration of 1512 mg kg -1 in contaminated soils. The results showed that the APA levels in crude oilcontaminated soils were apparently higher than However, the BGA levels in crude oil-contaminated soils (0.5% and 5%) were similar to or lower than the control levels during the first 90 days of incubation. As the incubation time increased, the BGA levels in soil contaminated with crude oil increased.
The results of the incubation study indicated that BGA levels in 5% oil-contaminated+sludge-amended soil samples were significantly higher than those in oil-contaminated soil (p<0.05). Wastewater sludge application enhanced BGA levels in soil contaminated with crude oil. At the end of the incubation period, the maximum BGA levels were observed in 5% oil-contaminated+sludge-amended soil. Variations of dehydrogenase activity levels in crude oil-contaminated and crude oil-contaminated + sludge-amended soils during the 150-day incubation period are shown in Figure 6 . Effect of wasterwater sludge application on enzyme activities in soil The results showed that wastewater sludge application stimulated DHA levels in crude oil-contaminated soil.
According to Figure 6 , a high dose of crude oil (5%) contamination further inhibited DHA compared with the application of a low dose of crude oil (0.5%). The DHA levels in all treatments decreased with increasing incubation time at 28 °C. The application of crude oil (0.5% and 5%) resulted in an initial DHA concentration of 11 mg kg -1 .h in contaminated soils. The results showed that the DHA levels in crude oil-contaminated soils were apparently lower than those at the end of the incubation period.
At 18 °C, DHA levels in all treatments increased as the incubation time increased during the first 90 days. Maximum DHA levels in all treatments were observed on the 90 th day. For other incubation periods, the DHA levels in the soil were apparently lower than the initial DHA level.
In general, the DHA levels were higher in soils contaminated with a low dose of crude oil, indicating the inhibition effect of higher doses of crude oil on DHA.
Discussion
Total Petroleum Hydrocarbons
Biodegradation by natural populations of microorganisms represents one of the primary mechanisms by which petroleum and other hydrocarbon pollutants can be eliminated from the environment. In this study, natural biodegradation of hydrocarbons was significant in soils without wastewater sludge. Besides, the addition of organically rich wastewater sludge amendment facilitated the degradation of crude oil. The result showed that Hur and Park (2003) also stated that the amendment of wastewater sludge increased the degradation rate of the crude oil. Supplementation of the soil with organic matter, as a repository of an available pool of organic compounds, is key during the adaptation of the ecosystem to unfavourable environmental conditions. Our result showed that wastewater sludge application was not significant affect at 18 °C for TPH removal. Walworth et al., (2001) reported that hydrocarbon degradation is increased at higher temperatures. TPH levels in soil were found decreased when incubation time increased. Bastida et al., (2016) reported that the long-term respiration was lower in the contaminated samples in comparison to controls, probably as a consequence of extended exposure of microorganisms to pollutants.
Soil enzyme activities
Enzyme activities are commonly used as indicators of soil health because they play an important role in nutrient cycling, and can be sensitive indicators of pollution with hydrocarbons, heavy metals or pesticides (Wolińska et al., 2015) . Thus, in the current study, we established soil biological activity by measuring UA, APA, BGA and DHA. The results obtained confirm that soil enzyme activity is determined by the degree of crude oil pollution.
Urease activity plays an important role in the mineralisation of nitrogen compounds. This enzyme forms stable complexes (urease-humus) and markedly contributes to soil fertility (Nannipieri et al., 2002) .
Soil urease activity is a good indicator, reflecting the mineralisation potential of organic nitrogen compounds in soil.
The results showed that wastewater sludge application stimulated UA levels in crude oil-contaminated soil. This result suggested that the high carbon content in oil was used as a substrate. Studies have reported that an increase in the number of hydrocarbon utilisers is positively correlated with hydrocarbon concentration. The increase in the numbers of culturable hydrocarbon-degrading bacteria demonstrates how rapidly indigenous soil microorganisms adapt to new substrates (Margesin et al., 2000) .
The UA levels in soils with high levels of oil contamination (5%) were higher than low levels of oil contamination both incubation temperatures. Crude oil may well provide as organic carbon sources, and an upgrading of oil degrading microbial populations (Margesin et al., 2000) .Various factors may limit the rate of degradation including a deficiency of essential nutrients such as nitrogen. Many studies have previously demonstrated that the application of nitrogen to soil can improve microbial activity, measured using a variety of methods including enzyme assays and biomass (Lee et al., 2007) . The impact of the nitrogen fertilizers on soil microflora could be explained by the temporary enrichment of the soil with a readily available N source. Our result indicated that crude oil contamination did not adversely affect UA levels. Soil urease activity exhibited a stronger response to petroleum treatment (Emami et al., 2014) .
Phosphatase is an enzyme of great agronomic value because it hydrolyses and transforms organic phosphorus compounds into different forms of inorganic phosphorus, which can subsequently be assimilated by plants. Phosphatase activity (PA) is important to soil P cycling. PA is sensitive to environmental perturbations and might therefore be a suitable selection for inclusion in the soil quality index (Turgay et al., 2010) . This study clearly demonstrated the application of wastewater sludge in biodegradation of TPH by native microbial consortium not only as biostimulant, but also as inducers of degrader enzymes released by the microorganisms. Various authors (Amenaghawon et al., 2014) reported the positive effect of inorganic and organic fertilizers in the degradation of petroleum hydrocarbon in soil.
The present work results indicated that crude oil contamination did not affect adversely APA levels in soil. Turgay et al., (2010) reported that some enzymes, including phosphatase, are involved in N and P cycling and might not directly influence hydrocarbon presence.
Enzyme induction during the degradation of crude oil depends on the crude oil composition and their metabolic products. Therefore, Kumari et al., (2016) supported the views that consortia with broad enzymatic capacities are more effective in the degradation of hydrocarbons in soil environment. β-Glucosidase activity (BGA) in soil might be particularly useful for soil quality monitoring because of the central role of this enzyme in soil organic matter cycling, which is generally regarded as an important component of soil quality (Turner et al., 2002) In the present study, crude oil contamination did not affected negatively. The contamination with crude oil increased the amount of total organic and water-soluble C. Some compounds within these fractions may serve as energy sources for microbial populations (Bastida et al., 2016) . However, the level of BGA in Effect of wasterwater sludge application on enzyme activities in soil (Kaczyńska et al., 2015) .
The results obtained confirm that DHA is strongly determined by the degree of crude oil pollution.
DHA levels in the soil were more affected by high dose of crude oil contamination. Malachowska et al., (1997) also reported low levels of dehydrogenases in soils polluted with petroleum spillage. The concentration of petroleum hydrocarbon had a significant effect on soil dehydrogenase activity. The negative influence of polycyclic aromatic hydrocarbons on the activity of dehydrogenases was reported in Gianfreda et al., (2006) . They proved this on the basis of studies on samples of soil exposed to contamination by crude oil for 50 years.
This report emphasises the particular susceptibility of dehydrogenases to the presence of petroleum products in the soil. Our studies lasted for only 150 days, but even during this period, significant changes in the influence of the individual crude oil on dehydrogenase activity could be observed. The results showed that wastewater sludge application stimulated DHA levels in crude oil-contaminated soil. This result might reflect differences in the nutrients in wastewater sludge, particularly N and P, which stimulate indigenous microorganisms. The addition of N and P to oil-polluted soil accelerates the biodegradation of the petroleum in soil. In another research, it was proved that biosolid was useful in the biostimulation of soils contaminated with petroleum products (Kaczyńska et al., 2015) .
Conclusions
The results of the present study indicated that enzyme 
